ABSTRACT
1. INTRODUCTION The existence in the early solar system of short-lived radioactive nuclei ( 26 Al, 41 Ca, 53 Mn, 60 Fe, 107 Pd, 129 I, 146 Sm, 182 Hf, 244 Pu) has provoked wide interest. A variety of stellar sources are required to produce these diverse nuclear species (cf. Cameron 1993) . The timescale implied between production and injection into the protosolar nebula and the formation of condensed material processed by melting within the solar system (particularly for shorter lived nuclei) places severe constraints on any model. It has been suggested that the estimated early solar system inventory of 182 Hf, 244 Pu, and 146 Sm could well be provided by supernovae (SNs) with rather uniform production over galactic history (Wasserburg, Busso, & Gallino 1996, hereafter WBG96) . However, this cannot account for 129 I, 107 Pd, and the shorter lived nuclei-in particular, 26 Al and 41 Ca. A variety of stellar sources have been considered: supernovae (Types Ia, Ib, and II; see, e.g., Cameron 1993; Cameron, Thielemann, & Cowan 1993; Cameron et al. 1995) , asymptotic giant branch stars (AGB stars; see Wasserburg et al. 1994) , novae (Truran 1982) , and Wolf-Rayet stars (Arnould, Paulus, & Meynet 1997) . It is also possible that some nuclei are produced by particle bombardment from the early Sun (Clayton & Jin 1995; Ramaty, Kozlovsky, & Lingenfelter 1995; Shu et al. 1997; Bateman, Parker, & Champagne 1996) . One often cited scenario is of a late-stage SN trigger (Cameron & Truran 1977; Foster & Boss 1998; Cameron, Vanhala, & Höflich 1997) , which caused the collapse of a cloud and injected freshly synthesized nuclear debris. This had some appeal as a source of 16 O found to be in excess (∼4%) in Calcium-Aluminum-rich inclusions (CAIs) present in chondritic meteorites, which have been associated with condensates from hot portions of the solar nebula (Clayton, Grossman, & Mayeda 1973 ). An extensive study by Woosley & Weaver (1995, hereafter WW95) 25 Mg reaction. The high peak temperature achieved by passage of the shock allows a high peak in the neutron density, so that the neutron channel to 60 Fe is favored with respect to b Ϫ -decay of 59 Fe ( days). In preexplosive conditions t ϭ 65.1 a low abundance of 60 Fe was produced in this zone because of the low neutron density in hydrostatic phases, although the 22 Ne(a, n) 25 Mg reaction was already efficient during He shell burning. In the O/Ne region, 60 Fe is manufactured in the first stages of convective shell carbon-burning by neutron captures on the original 56 Fe owing to the high neutron density peak (Arnett & Truran 1969 Figure  2 , with a reference line of slope 1, corresponding to a nuclide whose production is dependent only on initial metallicity. For nuclei produced by a star from H and He (provided there are no structural modifications for a star of given mass with varying Z), the curve would be a horizontal line. This is roughly the case for 24 Mg. Fig. 1c ) ranges from to .
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2.8 # 10 7.1 # 10 The delay D 1 is from 0.6 to 1.7 Myr. The lower limit is compatible with the value of D 1 estimated for the alternative hypothesis of an AGB source triggering collapse (Wasserburg et al. 1995 7 # 10 timated from some CAI samples (Birck & Allègre 1985) . The lowest value is close to the steady state ratio in the ISM (WBG96). However, the question of 53 Mn is more complex as this nucleus is produced in the outer edge of the Ni core and is thus dependent on the "piston" location (WW95).
There are interesting consequences on the associated oxygen isotopes in the SN debris. Both 16 O and 18 O are abundantly produced.
18 O is produced in the C-rich zone adjacent to the O/Ne zone, and its production depends linearly on metallicity, whereas 17 O is severely underproduced (Woosley et al. 1997) . It is thus of interest to estimate contributions associated with 26 Al. Figure 1d shows Mn, and 182 Hf. However, the precise time linkage to an initial nebular state is not well known. We note that indications of isotopic heterogeneities in the early solar nebula on a small and possibly on a large scale clearly exist. While substantial studies have been made to establish an absolute timescale for CAIs and planetary differentiates using U-Th-Pb, Pb-Pb, RbSr, Re-Os, K-Ar, and Sm-Nd methods, we do not consider that any of these efforts have succeeded in establishing an absolute chronology of sufficient precision to determine time differences of formation (not metamorphism) relative to an initial state of the solar nebula of a few million years at 4.56 Gyr ago. If D 2 for the planetary differentiates investigated is less than 9 Myr, then a late SNII injection is incompatible with the ( 60 Fe/ 56 Fe) PD obtained by Shukolyukov & Lugmair (1993a , 1993b ) (see also Lugmair, Shukolyukov, & MacIsaac 1996) (Penzias 1981) . The much debated explanation of the problem of 16 O excesses discovered by Clayton, Grossman, & Mayeda (1973) throughout samples of condensed matter in the solar system (cf. Clayton 1993) remains unclear as these excesses are not correlated with other nuclear anomalies. If the excess 16 O is from a fresh SNII source, there should be associated anomalies of both radioactive and stable nuclei from the O/Ne zone in the samples with large 16 O excesses. The consequences of the SN trigger hypothesis on other isotopic shifts will be reported on in a more extensive report.
